There is no established consensus for the treatment of allergic bronchopulmonary mycosis (ABPM) on its diagnosis or at relapse. We reviewed our experience with patients with ABPM, which showed that although systemic corticosteroids are effective in ABPM, and other treatment options can also be selected. K E Y W O R D S allergic bronchopulmonary aspergillosis, allergic bronchopulmonary mycosis, corticosteroid, relapse, treatment 2028 | ISHIGURO et al.
| INTRODUCTION
We conducted a retrospective study of 55 patients with allergic bronchopulmonary mycosis and median follow-up period of 2311 days from diagnosis to review their treatment results. As a result, systemic corticosteroids are effective, but other treatment options can also be selected at diagnosis or at relapse of the disease.
Allergic bronchopulmonary mycosis (ABPM) is an allergic disease characterized by eosinophilic inflammation that causes the development of mucoid impaction of the bronchi (MIB) and central bronchiectasis. Systemic corticosteroids (SCSs) are a mainstay of its treatment, and a limited number of treatment regimens have been suggested on its diagnosis. 1 Recently, the efficacy of antifungal agents has been reported, 2 and further studies are needed to determine appropriate treatment regimens on the diagnosis of ABPM. In addition, patients with ABPM unfortunately experience relapses during their clinical courses, but there have been no studies investigating treatment options and their efficacy in treating relapses. Thus, the aim of the present study was to assess whether SCSs should always be administered on diagnosis and at each relapse, and whether other treatment options can also be selected.
| PATIENTS AND METHODS
We conducted a retrospective study of 55 patients who were diagnosed as having ABPM by established diagnostic criteria [3] [4] [5] from March 1993 to November 2017 at Saitama Cardiovascular and Respiratory Center. Dyspnea with episodic wheezes and/or rhonchi was regarded as symptoms of bronchial asthma [BA] . Development of cough and sputum alone was not regarded as BA symptoms because such symptoms were nonspecific. We classified BA symptoms as severe or nonsevere based on the Japanese Asthma Prevention and Management Guideline, 6 in which severe BA symptoms are defined as difficulty in breathing in the supine position or on effort, or more severe symptoms. The existence of findings of shadows filling the bronchi, which was regarded as MIB ( Figure 1A) , and consolidation ( Figure 1B ) on chest computed tomography (CT) images was reviewed. Conditions of ABPM on diagnosis and on relapses were classified based on the existence of BA symptoms and shadows of MIB and consolidation on CT. When patients in a stable condition developed BA symptoms and/or new shadows on CT, they were considered to have suffered a relapse. Patterns of relapse were also classified in the same manner as at diagnosis. Drugs administered until the time of diagnosis and relapses (pretreatment) and drugs that were added on or changes of treatments from the pretreatment regimen (treatment) were reviewed. Both pretreatment and treatment drugs were classified into three categories: SCSs, inhalation including inhaled corticosteroid (ICS) and β-stimulants, and antifungal agents. When patients had been treated by SCSs and were newly administered itraconazole (ITCZ), SCSs were regarded as pretreatment, and ITCZ was regarded as treatment. When doses of inhalation drugs were increased or another inhalation drug was added (eg, pretreatment was an ICS and a β-stimulant was newly added), these changes were also regarded as treatment. The treatment effect was evaluated 6-8 weeks after starting each treatment. In patients with BA symptoms, when wheezes and dyspnea improved, we regarded the treatment as "effective." In patients with new shadows, we regarded treatment as effective when both the symptoms and the shadows improved. In contrast, if these changes were not found, we regarded the treatment as "ineffective." In ineffective cases, the subsequent treatment and its efficacy were also evaluated in the same manner. The treatment duration of SCSs was defined as "short duration" when SCSs were stopped within 2 weeks and as "tapering" when patients received SCSs for more than 2 weeks, and SCSs were then tapered.
Data are expressed as the mean value ± standard deviation (SD) unless otherwise specified. This study was approved by the ethics committee of Saitama Cardiovascular and Respiratory Center.
| RESULTS

| Patient demographics
Patients aged 61.8 ± 13.5 years old were included in our study ( Table 1) . Twenty (36.4%) were men, and a smoking history was found in 23 (41.8%) of the 55 patients. The median follow-up period (range) from diagnosis was 2311 days 
| Drugs administered for pretreatment and treatment at relapse in each category
Systemic corticosteroids included prednisolone (PSL), methylprednisolone, and hydrocortisone. Inhaled corticosteroids included fluticasone, ciclesonide, budesonide, and inhaled β-stimulants included long-acting β-agonists of formoterol, salmeterol, and vilanterol, and the short-acting β-agonist of salbutamol. The antifungal agent administered in our patients was ITCZ.
| Clinicoradiological patterns on diagnosis and efficacy of each initial treatment
Conditions of the patients with ABPM on diagnosis could be classified into four patterns: MIB in 2, BA + MIB in 8, MIB + consolidation in 12, and BA + MIB+consolidation in 33. Patients' conditions and treatment effects on diagnosis are listed in Table 2 . Of our patients, 25 received initial treatment that did not include SCSs, of whom 19 improved. Treatment effects (number of effective episodes/total episodes) on diagnosis regardless of patients' conditions were as follows: SCSs tapering ± inhalation, 20/22 (90.9%); ITCZ ± inhalation, 11/13 (84.6%); inhalation monotherapy, 7/8 (87.5%); SCSs tapering + ITCZ±inhalation 8/8 (100%); and observation, 2/4 (50%). Systemic corticosteroids were effective in all but two patients regardless of their clinicoradiological patterns: one patient with BA + MIB and another with BA + MIB+consolidation. The daily median dose (range) of SCSs (PSL) administered for treatment was 20 (10-40) mg. All patients with at least one symptom of severe BA, fever, and hypoxemia received SCSs. Antifungal agents with or without other drugs were also effective in most patients.
T A B L E 2 Initial treatment on diagnosis and its efficacy on each pattern of the patients' conditions
Inhalation monotherapy was effective in all three patients with BA + MIB and in four of the five patients with a BA + MIB+consolidation pattern. Patients who received inhalation monotherapy did not receive SCSs. Patients without severe BA symptoms, fever, and hypoxemia did not always need SCSs but improved with the addition of ITCZ, introduction or strengthening of inhalation therapy, and observation.
| Patterns on relapse and efficacy of each treatment
Conditions of the patients with ABPM and the 124 relapses in total could be classified into six patterns: BA in 26, MIB in 53, consolidation in 5, BA + MIB in 2, MIB + consolidation in 36, and BA + MIB+consolidation in 2. Patients' conditions on relapse and treatment effects are listed in Tables 3 and 4 . All patients with fever had consolidation on CT. Treatment effects on relapse regardless of the patients' conditions were as follows: inhalation, 9/10 (90.0%); SCSs ± inhalation, 53/54 (98.1%); ITCZ ± inhalation, 13/16 (81.3%); SCSs + ITCZ ± inhalation, 10/10 (100%); and observation, 22/36 (61.1%). Inhalation monotherapy was often selected in patients with airway diseases (BA and MIB) but was not selected in patients with consolidation. Inhalation monotherapy was effective in eight of nine patients with relapse patterns of BA or MIB who had been treated with ≤2 mg/d of PSL or without SCSs. Among the patients with relapse patterns of BA or MIB, 12 patients received SCSs for a short duration (<2 weeks) that resulted in improvement in all 12. ITCZ ± inhalation therapy was selected in patients with MIB and BA + MIB + consolidation, whereas ITCZ was not administered to patients with BA alone. As for the efficacy of ITCZ on patients with SCSs pretreatment, three patients pretreated with PSL of 2, 5, and 15 mg/d, respectively, improved with additional ITCZ, whereas another patient pretreated with PSL 2.5 mg/d did not improve with additional ITCZ. The daily dose of administered SCSs (regardless of the combination of other treatments) is shown in Figure 2 . Only one patient (with pretreatment of PSL 2 mg/d and ICS) with MIB + consolidation did not improve with SCSs administration (increase in PSL dose from 2 to 5 mg/d) but then subsequently improved with additional ITCZ. Patients who were treated with observation at their relapse had mild symptoms and/or mild shadows (small band-like shadows or pulmonary consolidations of limited size) on chest CT and were without fever or hypoxemia. Twenty-two of the 35 patients who were treated with observation at their relapse spontaneously improved within 8 weeks, whereas the other 13 patients improved within 8 weeks following additional SCSs, ITCZ, inhalation, and further observation. In patients with consolidation, treatment effect (number of effective cases/total number of cases) was obtained with SCSs ± inhalation in 17/18 (94.4%), ITCZ ± inhalation in 9/9 (100%), SCSs + ITCZ ± inhalation in 7/7 (100%), and observation in 6/9 (66.7%) ( Table 2 ).
| Treatments the patients were receiving at their final follow-up
Treatments that the patients were receiving at their final follow-up visit included antifungal monotherapy in 2 (3.6%), SCSs + antifungal therapy ± inhalation in 4 (7.3%), antifungal therapy + inhalation in 3 (5.5%), SCSs ± inhalation in 28 (50.9%), inhalation in 11 (20.0%), observation without any drugs in 6 (10.9%), and mepolizumab monotherapy in 1 (1.8%). The ABPM of all patients was stable, and none of them showed any symptoms or radiologic findings of ABPM at final follow-up. The patient who was receiving mepolizumab monotherapy at final follow-up had been initially treated with SCSs and inhalation, but BA symptoms, peripheral blood eosinophilia, and abnormal shadows had been refractory to treatment. Thus, mepolizumab had been started, which replaced the SCSs and inhalation therapy and maintained the patient's condition without further relapses. One patient with ABPM treated with PSL of 5 mg/d developed chronic progressive pulmonary aspergillosis during his clinical course and died 7 years after the diagnosis of ABPM. Another patient died of acute myocardial infarction 11 years after the diagnosis of ABPM.
| Serum IgE and peripheral eosinophil counts at final follow-up
A serum IgE value > 1000 IU/mL was found in 15 patients, 500 < IgE ≤ 1000 IU/mL in 9, and <500 IU/mL in 25 on final follow-up. The number of peripheral blood eosinophils present at final follow-up was ≥500/mm 3 in seven patients. 
| DISCUSSION
We investigated the patterns of patients' conditions in terms of symptoms and radiologic patterns of ABPM at diagnosis and at relapse and treatment effects for each condition. Based on pathologic analyses of resected lung specimens of ABPM, 8 the leading pathologic and pathogenic feature of ABPM is reported to be MIB. Peripheral consolidation develops as a result of the inhalation of allergic fungal antigen that causes eosinophilic pulmonary inflammation, 8 and we regarded MIB and peripheral changes (consolidation) as the main components of the radiologic patterns of ABPM. Asthma is also known as a predisposing condition of ABPM, and thus, we classified our patients' conditions by combination of these components. As a result, conditions could be classified into four patterns on diagnosis and into six patterns at relapse. Systemic corticosteroids are the mainstay of ABPA therapy in the initial treatment of ABPM. A previous study reported that treatment effects do not differ between a median dose (0.5 mg/kg/d) and high dose (0.75 mg/kg/d) of PSL, but the former is better than the latter because of its fewer adverse effects. 9 An established guideline also recommended the addition of antifungal agents to SCSs to reduce the dose of SCSs 10 ; however, American allergologists have been reported to select certain treatment options other than SCSs with or without antifungals, 11 indicating that physicians need treatment options that do not include SCSs. Previously, we reported that infectious events occur more frequently than expected in patients with ABPM, and there is concern that SCSs can increase or worsen these events. 12 In fact, one male patient with ABPM in our hospital developed chronic progressive pulmonary aspergillosis during his clinical course. Other patients who have developed invasive pulmonary aspergillosis and chronic progressive pulmonary aspergillosis under SCSs have also been reported. 13, 14 Nineteen of our 25 patients who did not receive SCSs as an initial treatment improved, and we found that each treatment option without SCSs was effective at various different frequencies. For example, the efficacy of antifungal agents has been reported, [15] [16] [17] and Agarwal et al found no significant differences in the characteristics of responders to ITCZ vs nonresponders. 2 Identifying responders will allow patients with some risk factors to avoid SCSs, for example, patients with diabetes mellitus, osteoporosis, and active infectious diseases. Another treatment option is inhalation therapy. Although inhalation is not considered to be useful for ABPM 18 and a previous report indicated that radiologic worsening cannot be suppressed by ICS regardless of patients' symptoms, 19 our study found some patients who had not been treated with SCSs to be effectively treated by inhalation. One opinion is that the effects of additive inhalation may be minor in patients treated with PSL above 10 mg/d, 1 but our results indicated that inhalation may also be effective in patients treated with a low dose of SCSs. Inhalation was effective in our patients with BA and MIB, and some patients with consolidation also improved with inhalation. Consolidation complicating ABPM is generally regarded as eosinophilic pneumonia (EP) although we cannot rule out the possibility that consolidations peripherally distributed to MIB include atelectasis. Inhalation therapy is not generally used in idiopathic acute or chronic EP, but our results indicated its efficacy in the EP that accompanies ABPM. We think that inhalation therapy improved the airway lesions (MIB), which resulted in the improvement of EP. These results suggest that physicians should not exclude ICS as a treatment option, especially when the patient is pretreated with a low dose of SCSs or without SCSs.
To our knowledge, treatment for the relapse of ABPM has not been fully investigated. Our study classified patients' conditions at relapse into six patterns. SCSs with tapering of their doses with or without other drugs were effective regardless of other pretreatments, indicating that SCSs are also a steadily effective treatment for relapses. However, all patients with relapse patterns of BA or MIB who received short-duration SCSs also improved, indicating that such patients may not always require long-term treatment with SCSs. Inhalation was also effective in eight of nine patients with relapse patterns of BA or MIB. As an initial treatment, inhalation may be effective in patients with consolidation, but it was not selected in patients with consolidation at their relapse. All of our patients with hypoxemia or fever had consolidation and received SCSs; thus, the efficacy of inhalation for consolidation at relapse is unknown, and SCSs are recommended at relapse in such patients. To summarize, our results showed that SCSs, inhalation, and antifungal agents can be included as treatments of choice at relapse. Although the efficacy of SCSs is good, they do not always need to be started or have their doses increased at relapse. Categories of drugs that are not administered just at relapse can be added, or the dosage of a drug that has already been prescribed can be increased, or another drug in the same category can be selected. Future studies should clarify the characteristics of patients who can be effectively treated with each treatment option. Biologics have developed in the areas of severe asthma and allergic diseases, and other cases showing the efficacy of mepolizumab 20 and omalizumab 21 have also been reported. Mepolizumab replaced SCSs in one of our patients who at final follow-up has remained well controlled and has developed neither BA symptoms nor new shadows on chest imaging. Further studies are needed to clarify the efficacy of biologics for ABPM, but biologics could potentially change the treatment order of ABPM.
Our study also included patients who spontaneously improved by observation within 6-8 weeks. Patients treated with observation at relapse had mild symptoms without fever or hypoxemia and mild radiologic findings. Some patients who showed no spontaneous improvement within 6 to 8 weeks received oral corticosteroids or ITCZ and then showed improvement. Other patients continued to be observed after 6-8 weeks, and they subsequently improved within 3 to 6 months. Prolonged inflammation of ABPM is considered to lead to irreversible structural damage, and we do not know how long the inflammation can be observed and left untreated. If several months cannot be tolerated, then observation is not an adequate treatment.
Our study has several limitations. First, it was conducted retrospectively at a single institution. The number of patients was small, and we could not fully evaluate the results statistically. Second, although the serum IgE value has been reported to be a marker of ABPM relapse, [22] [23] [24] we did not always measure it. However, we performed CT on all patients, and all relapses were well evaluated by that modality. Third, we did not perform drug monitoring of antifungal agents, whose efficacy may have been difficult to evaluate. Fourth, patients with BA frequently take other anti-inflammatory drugs to control their BA (eg, leukotriene receptor antagonist or theophylline), but their effects were not evaluated because their efficacy in treating ABPM has not been appreciated. Fifth, doses of ICSs were not evaluated in detail. Finally, the efficacy of each treatment option may not derive solely from its effects alone because the treatment drugs can interact with other drugs 25 that have already been administered.
| CONCLUSION
At both diagnosis and relapse, at least two treatment options other than SCSs are available, including antifungals and inhalation therapy. Biologics may also be included as an additional option. Future studies should clarify how to predict the efficacy of each treatment option and devise an elaborate treatment algorithm on initial diagnosis and at relapse.
